The objective of the present study is to elucidate the pathogenic role of eicosanoids in myocardial infarction (MI). The accumulation of eicosanoid metabolites in ischaemic myocardium has been demonstrated in animal models and patients with MI, and it occurs in parallel with the development of irreversible cardiac damage. However, the key question that remains unanswered is whether cardiac-generated eicosanoids are the cause or the consequence of cardiac cell damage in MI.
Introduction
Acute myocardial infarction (MI) remains a leading cause of morbidity and mortality worldwide. Ischaemia of significant duration overwhelms myocardial cellular repair mechanisms and results in irreversible myocardial cell damage or death. It has long been recognized that the disturbance in membrane lipid metabolism may play an important role in the onset of irreversible myocardial damage. 1 The eicosanoids consist mainly of the prostanoids, leukotrienes, and epoxyeicosatrienoic acids, which are a group of lipid mediators derived from the cell membrane component arachidonic acid (AA). The majority of AA in the heart is esterified to the sn-2 position of myocardial phospholipids. The accumulation of free AA and the eicosanoid metabolites in ischaemic myocardium has been demonstrated in animal models and patients with MI, suggesting the involvement of AA metabolites in the pathogenesis of cardiac injury. 2 However, the key question that remains unanswered is whether cardiac-generated eicosanoids are the cause or the consequence of myocardial damage in MI. Prostanoids, including prostaglandins (PGs) and thromboxanes (TX), are generated from AA by the enzyme cyclooxygenases (COXs), which exist as distinct isoforms referred to as COX-1 and -2. 3 The importance of prostanoids in the pathogenesis of cardiovascular disease has been widely appreciated with the evidence that low-dose aspirin, which is a competitive inhibitor and covalently modifies the COX protein, reduces the incidence and mortality from MI. 4 However, recent compelling evidence demonstrating an increase in cardiovascular events associated with the use of COX-2 selective inhibitors 5 reinforces the fact that a remarkably diverse and contrasting range of biological effects can be attributable to these lipids, 6 and there is much to be learned about the roles of prostanoids in the pathogenesis of MI. Recently, our laboratory has taken advantage of a new technique of metabolic profiling using liquid chromatographytandem mass spectrometry (LC-MS/MS) to elucidate the contribution of AA metabolism in cardiovascular diseases. 7, 8 In the present study, using a similar approach, we directly test the overall hypothesis that cardiac-generated eicosanoids can induce cardiac myocyte apoptosis and contribute to the cardiac cell loss following MI. We quantified the profile of prostanoid release during cardiac ischaemia, and revealed a novel mechanism underlying prostanoid-mediated myocardial injury using multiple approaches.
Methods
All animal care and procedures were approved by the University of California, Davis Institutional Animal Care and Use Committee. The study conforms with the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996) . Detailed in vivo experimental designs and methods are presented in the Supplementary material online.
Overall experimental designs
In the present study, we used a clinical relevant mouse model of MI and metabolic profiling to determine prostanoids generation in plasma and cardiac tissues following myocardial ischaemia. Western blot analyses and COX activity assay were used to determine the mechanism underlying the ischaemia-induced prostanoids generation. We further used in vitro cultured neonatal cardiomyocytes to directly test whether the cardiac-generated prostanoids were involved in mediating cardiac myocyte injury. In order to elucidate the mechanistic pathways involved in prostaglandin D 2 (PGD 2 )-induced cardiac myocyte apoptosis, immunofluorescence confocal microscopy was used to determine the expression of PGD 2 receptors in cardiac myocytes. The apoptosis PCR array was used to identify pro-apoptotic genes that were directly up-regulated by PGD2 treatment in cardiac myocytes. Furthermore, using the combination of prostanoid profiling, apoptosis assay, western blot, and echocardiography analysis, we tested whether the treatment of the MI mice with low-dose aspirin could inhibit the cardiac generation of prostanoids and attenuate ischaemia-induced myocardial apoptosis, which may lead to the preservation of cardiac function following MI.
MI model in mice
The MI model in mice was created using the procedure as previously described. 9, 10 Briefly, 12 -16-week-old male C57Bl/6J mice (Charles River, Wilmington, MA) were anaesthetized with intraperitoneal ketamine 80 mg/kg and xylazine 6 mg/kg. Isoflurane was used to maintain the anaesthesia during the surgery. The depth of anaesthesia was monitored by toe pinch, respiratory, and heart rate. The left anterior descending (LAD) coronary artery was ligated and maintained for 45 min after which the occlusion was released. The sham-operated mice underwent the same procedure without tying the suture but left it around the LAD for 45 min. For aspirin treatment, the mice were randomized 3 days before surgery to receive aspirin (acetylsalicylic acid, ASA, Sigma) in drinking water (50 mg/mL) or water alone.
Assessment of prostanoid generation
Blood samples were collected from MI or sham-operated mice, immediately centrifuged at 1500 rcf for 10 min. The plasma was collected and frozen at 2708C until time of analysis. Heart tissues were collected from MI or sham-operated mice. Eicosanoids were extracted from the murine plasma and tissue extraction and analyzed with LC-MS/MS methods described previously. 7 The technique allows us to determine multiple eicosanoid mediators generated through COX, lipoxygenase, and cytochrome P450 pathways simultaneously (see Supplementary material online, Table S1 ).
Langendorff perfusion apparatus
Adult mice were sacrificed using intraperitoneal ketamine 80 mg/kg and xylazine 6 mg/kg followed by rapid heart excision. The hearts were then perfused using a retrograde Langendorff method. After an equilibration period of 30 min, hearts in the MI group were subjected to 45 min of global ischaemia by turning off flow of perfusion solution to the heart, while hearts in the sham group were perfused continuously for another 45 min. Then all hearts were briefly rinsed with ice cold PBS and tissue prostanoids were extracted and determined as described above.
Western blot analysis
Heart tissues or cultured neonatal cardiac myocytes were collected in ice-cold lysis buffer, homogenized, and centrifuged at 1000 g for 5 min at 48C to remove cell debris. The following primary antibodies were used: COX-1 1:200 from Cayman Chemical, COX-2 1:200 from Cayman Chemical, and FasL 1:300 from Cell Signaling.
Measurement of COX activity
The COX activity (COX-1 and -2) in tissue homogenates was determined using the COX activity kit (Cayman chemical). The COX-1 activity was calculated as the difference between the total COX activity in the sample without an inhibitor and the sample with Sc560, and the sample with DuP-697. Each sample and the COX standard were assayed in triplicate.
Mouse neonatal cardiac myocytes culture and prostanoid treatment
Primary cardiac myocytes culture was obtained from 1-to 2-day old mouse pups as previously described. 11 The animals were anaesthesized with intraperitoneal pentobarbital (40 mg/kg) after which the hearts were rapidly excised. All cultures were serum starved for 24 h before starting the experiments. PGD 2 , PGI 2 , and PGE 2 (Cayman Chemical) were dissolved in ethanol as 1000× stock solution and were added into culture medium (at concentrations from 10 nM to 100 mM) for 6 h.
Detection of cardiac myocyte apoptosis
Terminal deoxynucleotidyl transferase-mediated dUTP nick-end labeling (TUNEL) assay was used to detect cardiac myocyte apoptosis in both cultured neonatal cardiac myocytes and cardiac tissues from the MI mice as previously described. 9 At least 1500 DAPI-stained cells in multiple random fields were counted in each group to assess the fraction of apoptotic cells determined by dividing the number of TUNEL-positive cells by the total number of DAPI-positive cardiac myocyte nuclei.
Analysis of cardiac function by echocardiography
Echocardiograms were performed in conscious animals to assess the systolic function using M-mode and two-dimensional measurements as we have previously described. 
Apoptosis PCR array
RNA was isolated from cultured neonatal cardiac myocytes using the RNeasy mini kit (QIAGEN) according to manufacturer's instruction. cDNAs were prepared using the RT First Strand kit (SABiosciences) and loaded on Mouse Apoptosis PCR Array plates (SABiosciences). RealTime PCR was performed on ABI: 7900HT system and data were analyzed using PCR Array Data Analysis Web Portal (SABiosciences).
Statistical analysis
Results are expressed as the mean + SD. Statistical analysis was performed with Student's t-test and one-way ANOVA followed by Tukey or Games-Howell tests for post hoc comparison. Statistical significance was considered to be achieved when P , 0.05. All experiments were repeated at least three times.
Results
3.1 A significant increase in plasma and cardiac-generated prostanoids following myocardial ischaemia
As a first step to assess the generation of prostanoids after MI, the measurement of the plasma levels of COX metabolites demonstrated significant increases of all prostanoids including PGE 2 , PGD 2 , PGF 2 a, 6-keto-PGF 1a (a stable metabolite of PGI 2 ), and TXB 2 (a stable metabolite of TXA 2 ) after 45 min of myocardial ischaemia, to a level four to seven times higher than sham-operated animals. These levels decreased gradually upon reperfusion ( Figure 1A ). To further determine whether the elevated plasma levels of prostanoids were generated from cardiac tissue, tissue prostanoids were measured from mouse hearts that were subjected to 45 min of ischaemia or sham operation. The plasma and cardiac tissue samples were obtained from the same animals. Tissue levels of PGD 2 , PGE 2 , and 6-keto-PGF 1a were also significantly higher in the MI mice than that in the sham-operated mice, while the tissue level of TXB 2 and PGF 2a were not significantly different from sham-operated animals ( Figure 1B) . In order to exclude the possible interference from circulating blood cells, cardiac generation of prostanoids was further tested using a Langendorff perfusion system where isolated mouse hearts were perfused in the Langendorff mode and subjected to 45 min of no-flow ischaemia. The measurement of tissue prostanoids from mouse hearts after 45 min of no-flow ischaemia showed significant elevated tissue levels of PGD 2 , PGE 2 , and 6-keto-PGF 1a compared with control (sham) hearts, a prostanoid pattern similar to the in vivo ischaemic hearts ( Figure 1C ).
No significant changes in cardiac COX expression or activity during myocardial ischaemia
In order to determine whether the elevated levels of prostanoids in cardiac tissue after MI were due to the up-regulation or enhanced activity of the key enzyme COX, we examined mouse hearts for the expression of COX-1 and -2. Both COX-1 and -2 proteins were detected in cardiac tissues by western blot, with COX-1 expressing at a higher level than COX-2 expression. The expression levels of both COX-1 and -2 were not different between ischaemic hearts and sham-operated hearts ( Figure 2A ). The COX activity (COX-1 and -2) was measured in ischaemic and sham-operated heart tissues and revealed no significant difference between ischaemic and shamoperated hearts. Consistent with the protein expression levels, the COX activity was significantly inhibited by a COX-1 selective inhibitor, SC-560, but not a COX-2 selective inhibitor, DuP-697, in cardiac tissues from both sham and MI mice. Taken together, our data demonstrate that the significant increases in the levels of prostanoids in the cardiac tissues as well as in the plasma after 45 min of myocardial ischaemia are likely a result of increases in the availability of AA with no changes in the expression or activities of COX-1 and -2 (see Supplementary material online, Table S1 ).
Cardiac-generated prostanoids-induced cardiac myocyte apoptosis
To directly test whether the cardiac-generated prostanoids are involved in mediating cardiac myocyte injury, cultured neonatal cardiac myocytes were treated with PGI 2 , PGE 2 , PGD 2 , and a combination of these three prostanoids that were found to be significantly elevated in ischaemic heart tissues compared with sham-operated Prostanoids mediate ischaemic myocardial apoptosis hearts. Treatment with PGD 2 , but not PGI 2 or PGE 2 , induced apoptosis in cardiac myocytes as assessed by TUNEL assays. The combination of PGE 2 /PGI 2 /PGD 2 demonstrated the same effect as PGD 2 alone ( Figure 3 ).
Aspirin treatment reduced prostanoids generation and cardiac apoptosis following myocardial ischaemia
In order to further determine the possible impact of prostanoidinduced cardiac apoptosis in ischaemic injury in vivo, the MI mice were treated with low-dose aspirin, a COX inhibitor that is widely used clinically in preventing and treating cardiovascular diseases. Aspirin treatment of the MI mice significantly inhibited the generation of prostanoids in ischaemic heart tissues ( Figure 4A ). In line with the reduced production of prostanoids in cardiac tussues, the TUNEL assay detected significantly less apoptosis in ischaemic heart tissue in aspirin-treated MI mice compared with untreated MI mice ( Figure 4B and C ). In vivo cardiac function was analysed using echocardiography. Consistently, there was a significant reduction in the FS in the MI mice compared with sham-operated animals. Pre-treatment with aspirin significantly attenuated the reduction in FS in the MI mice ( Figure 5 ).
Figure 3
Effects of prostanoids on cardiac myocyte apoptosis. Isolated neonatal cardiac myocytes were cultured for 48 h and serum starved for 24 h before starting the experiments. PGD 2 , PGI 2 , and PGE 2 (Cayman Chemical) were dissolved in ethanol as 1000× stock solution and were added into culture medium at a concentration of 10 mM individually or in combination (10 mM each). In control experiments, cells were treated with the same volume of vehicle (ethanol) that was also diluted 1000× in the culture medium. After 6 h of incubation, cells were fixed with 4% paraformaldehyde, treated with proteinase K, permeabilized in 0.01% Triton-X-100. Permeabilized cells and sections were then incubated with TUNEL reaction mixture (Roche In Situ Cell Death Detection Kit, Fluorescein) at 378C for 1 h. This was immediately followed by incubation with primary antibody for a-actinin (1:500, Sigma) overnight at 48C, then Alex-Fluor-555-labeled secondary antibody (1:300, Invitrogen). The nuclei were counter stained by DAPI in the mounting media. Scale bar ¼ 20 mm.
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Expression of PGD 2 receptors and PGD 2 -regulated gene in cardiac myocytes
Next, we investigated the mechanism of PGD 2 -induced apoptosis of cardiac myocytes. We first assessed the expression of PGD 2 receptors, DP-1, and DP-2 in cardiac myocytes using immunofluorescence staining. Both DP-1 and DP-2 receptors were expressed in cardiac myocytes. DP-1 staining showed a perinuclear pattern, while DP-2 expression was present on the cell membrane ( Figure 6A ). Next PCR array analysis was performed to identify genes in the apoptotic pathways that were regulated in cardiac myocytes by PGD 2 treatment. Treatment of cardiac myocytes with PGD 2 significantly up-regulated the mRNA level of pro-apoptotic gene Fas ligand (FasL) in a dosedependent manner ( Figure 6B ). Western Blot analysis demonstrated the up-regulation of FasL protein in MI mice compared with sham mice, and pre-treatment with aspirin resulted in a significant decrease in the FasL protein level ( Figure 6C ). In cultured neonatal cardiac myocytes, PGD 2 treatment significantly up-regulated the FasL protein level in these cells. However, the pretreatment of cultured cardiac Prostanoids mediate ischaemic myocardial apoptosis myocytes with DP-1-specific antagonist MK-0524 (100 nM) or DP-2-specific antagonist BAY-u3405 (100 nM) did not result in a significant attenuation in the FasL protein level ( Figure 6D ).
Discussion

Critical roles of eicosanoids in cardiovascular diseases
Eicosanoids are pivotal molecules involved in diverse signalling cascades regulating homeostatic biological functions as well as mediating pathological processes such as inflammation, pain, and cardiovascular diseases. 12 Drugs developed to target these signalling pathways represent .25% of annual pharmaceutical sales worldwide. COX, the principal target of non-steroidal anti-inflammatory drugs, is the key and rate-limiting enzyme in the conversion of AA to prostanoids (including PGs, prostacyclins, and TX). Two distinct COX isoforms, COX-1 and -2, have been characterized. COX-1, which is constitutively expressed in most tissues, is considered classically as the isoform primarily responsible for prostanoid synthesis involved in homeostatic functions. 13 In contrast, COX-2 is mainly induced in response to inflammatory stimuli; therefore, is considered as the most appropriate target for anti-inflammatory drugs. 14, 15 Whereas aspirin, the prototypic COX-1/-2 inhibitor, has been clearly demonstrated to be cardioprotective and reduces the incidence and mortality from MI, 4, 5, 16 unexpectedly, an abundance of recent clinical evidence has shown that selective COX-2 inhibition can increase the risk of cardiovascular events. 5, 17 The seemingly disparate effects among COX inhibitors have highlighted the need for a better understanding of the role that COX and prostanoids play in the initiation and propagation of MI.
6,18,19
Use of metabolic profiling to explore the roles of eicosanoids in cardiac ischaemia
Although eicosanoids are well-known key mediators involved in thrombogenesis and initiation of MI, the precise role they play in the pathogenesis of cardiac damage after MI has not been fully elucidated. Interestingly, it has long been recognized that prolonged cardiac ischaemia leads to the release of free AA and its eicosanoid metabolites, and it occurs in parallel with the development of irreversible cardiac damage. 2,20 -24 Up to date, however, there is no clear answer to the critical question of whether the eicosanoids released after cardiac ischaemia are the consequence or the cause of cardiac cell damage. The new technique of metabolic profiling using LC-MS/MS, which allows the determination of multiple eicosanoid molecules simultaneously, has proved to be very valuable in elucidating the effects of AA metabolites in inflammation and cardiovascular diseases. 7 -9 Here we took advantage of this new technique to explore the role of eicosanoids in MI, with a special focus on their effects on cardiac myocytes following MI. The assessment of plasma levels of prostanoids demonstrated significant increases in all COX pathway metabolites including PGE 2 , PGD 2 , PGF 2 a, 6-keto-PGF 1a , and TXB 2 after 45 min of myocardial ischaemia, while the assessment of tissue levels of prostanoids showed significant increases in PGE 2 , PGD 2 , and 6-keto-PGF 1a (Figure 1 ). This result indicates that high levels of PGE 2 , PGD 2 , and PGI 2 were generated from ischaemic cardiac tissue, while the increased plasma levels of PGF 2 a and TXB 2 were most likely generated from circulating blood cells, particularly leukocytes and platelets. The expression of both COX-1 and -2 proteins was detected in cardiac tissues, with the COX-1 protein being expressed at a higher level than the COX-2 protein (Figure 2A) . Expressions of neither COX-1 nor COX-2 proteins were significantly altered after 45 min of ischaemia. Moreover, the COX activity in cardiac tissues was not different between sham and MI mice, and the COX activity in both sham and MI mouse hearts was significantly inhibited by the COX-1 inhibitor SC-560, but not the COX-2 inhibitor DuP-697 ( Figure 2B ). This result suggests that the increased generation of prostanoids from cardiac tissue in MI mice was mainly attributable to the increased release of AA (see Supplementary material online, Table S1 ) and the generation of prostanoids from cardiac tissue was mainly smediated by COX-1, and not COX-2 enzyme.
The pro-apoptotic effect of cardiac-generated prostanoids is mainly attributable to PGD 2
The effect of cardiac-generated prostanoids on cardiac injury following MI was assessed by apoptosis assay. The loss of cardiac myocytes by apoptosis is an important mechanism in the development of cardiac injury following ischaemia. 25 However, the mechanisms and signalling pathways that lead to apoptosis following ischaemic stimuli in cardiac cells are not fully elucidated. Previous studies showed that during the acute phase of myocardial ischaemia reperfusion (,6 h), apoptosis occurs mainly in cardiac myocytes, and is limited to ischaemic regions. 26, 27 It has been previously reported that prostanoids are potent inducers of apoptosis in non-cardiomyocytes. 28 -31 We hypothesize that prostanoids that accumulate in the myocardium after prolonged ischaemia may be involved in triggering postischaemic myocardial cell death. Our data demonstrated that when cultured neonatal cardiac myocytes were incubated with a combination of PGD 2 , PGE 2 , and PGI 2 , which are the prostanoids that were increased in ischaemic myocardium, they underwent apoptosis. The same effect could be observed when cardiac myocytes were treated with PGD 2 , but not PGI 2 or PGE 2 , alone ( Figure 3) . Although PGI 2 and PGE 2 have been implicated in cardioprotection, 32, 33 their effects have been suggested as originating from the action on The expression of DP-1 and DP-2 in cardiac myocytes were detected using immunofluorescence confocal microscopy (green). Cardiac myocytes were identified by co-staining for a-actinin (red). Negative controls were incubated with secondary antibody only. Prostanoids mediate ischaemic myocardial apoptosis non-cardiomyocytes and more likely involved in inflammatory response that becomes more apparent with longer reperfusion. Our data indicates that the net effect of cardiac-generated prostanoids is pro-apoptotic and prostanoids may represent one of the stimuli that drive cardiomyocytes into apoptosis. The treatment of MI mice with low-dose aspirin, which inhibited the cardiac generation of all prostanoids, attenuated myocardial apoptosis ( Figure 4) and effectively prevented the decline of cardiac function ( Figure 5) , providing further credence to the hypothesis that cardiac-generated prostanoids may play a significant role in cardiac injury following MI. Daily low-dose (,100 mg day 21 ) aspirin is relatively selective for COX-1 and is a well-established and prevailing treatment for the prevention of arterial thrombosis by irreversibly inhibiting the formation of thromboxane A 2 , a potent aggregatory agent. Our data demonstrated that low-dose aspirin treatment could inhibit the formation of prostanoids from ischaemic heart and prevent cardiac apoptosis. This reveals a previously unrecognized mechanism by which aspirin, in addition to its anti-thrombosis effect, confers cardioprotection against MI, an effect not shared with COX-2 inhibitors. Aspirin can reduce inflammation in the ischaemic hearts and thereby play a role in myocardial cell death. Our study demonstrated that aspirin treatment led to the reduction in cardiac apoptosis that occurred within 6 h after the onset of ischaemia, while inflammatory response after the ischaemic event becomes apparent during 12 -24 h after the onset of ischaemia. Therefore, our study suggests that aspirin treatment can prevent myocardial apoptosis in addition to its antiinflammatory effects. On the other hand, apoptotic cell death is among the factors that can cause the initiation of inflammatory cell infiltration resulting in further myocardial cell damage in the form of both apoptosis and necrosis. The reduction of early myocardial apoptosis with aspirin treatment may contribute to the overall antiinflammatory effects with aspirin treatment.
PGD 2 up-regulated FasL expression in cardiac myocytes.
Apoptosis is a highly regulated programme of cell death and can be mediated by two central pathways. 34, 35 The death receptor/extrinsic pathway transmits death signals from relatively specialized ligands such as FasL or tumor necrosis factor-a and links external stimuli to intracellular apoptotic cell death machinery. In contrast, the mitochondrial/intrinsic pathway transduces death signals that originate both outside and inside the cell and utilizes mitochondria and endoplasmic reticulum to propel cell death via a distinct set of molecules. Both the extrinsic and intrinsic apoptosis pathways have been shown to be critical in the pathogenesis of MI and heart failure. 36 -38 Our data suggests that the pro-apoptotic effect of cardiac-generated prostanoids is mainly attributed to PGD 2 ( Figure 3) . The biological activities of PGD 2 are mediated through two distinct G protein-coupled receptors, DP-1 receptor and the chemoattractant receptorhomologous molecule expressed on Th2 cells (CRTH2 or DP-2). 39 We have detected the expression of both DP-1 and DP-2 in cardiac myocytes ( Figure 6A ). The treatment of neonatal cardiac myocytes with PGD 2 resulted in an increased mRNA level of FasL ( Figure 6B ). Western blot analysis demonstrated an increased expression of FasL in cardiac tissue from the MI mice compared with sham, and aspirin treatment significantly attenuated FasL expression in the MI mice ( Figure 6C ). The treatment of cardiac myocytes with neither DP-1-specific antagonist MK0524 (10 nM-10 mM) nor DP-2-specific antagonist BAY-u3405 (10 nM-10 mM) resulted in the attenuation of FasL expression ( Figure 6D ) or prevention of PGD 2 -induced apoptosis (data not shown). This suggests that PGD 2 may induce cardiac myocyte apoptosis through a mechanism that is independent of DP receptors. Further investigation into the mechanisms involved in PGD 2 -induced cardiac myocyte apoptosis will provide novel insights into the events that trigger cardiac myocyte death during MI and may assist in the design of pharmacological interventions aimed at reducing cardiac injury and subsequent development of heart failure following MI. 
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Methods
In Vivo Experimental Designs:
In vivo myocardial infarction (MI) model in mice was used to elucidate the source of prostanoids generation and their possible effects on myocardial apoptosis and injury. Three sets of experiments were performed.
1)
For the first set of experiments, a total of 80 adult 12-16 week old male C57Bl/6J mice were randomly assigned to the MI or sham groups (40 in each group) and received MI or sham surgeries, respectively. Plasma and cardiac tissue samples were collected after 45 minutes of ischemia followed by five different time intervals of reperfusion (0, 1, 6, 24, and 72 hours after reperfusion, n=4 mice for each time point). Plasma levels of prostanoids were measured in all animals. Cardiac tissue samples were then collected after 45 minutes of ischemia (the time point when plasma level of prostanoids were found to be elevated). Cardiac tissues were measured for tissue prostanoids generation. Cardiac tissue samples collected after 45 minutes of ischemia followed by six hours of reperfusion were used to determine myocardial apoptosis and expression of pro-apoptotic gene. Echocardiographic analysis was conducted in animals subjected to 45 minutes of ischemia followed by 72 hours of reperfusion.
2) For the second set of experiments, 12 mice were randomly assigned to receive MI or sham surgeries (n=6 in each group). Cardiac tissues from all animals were collected after 45 minutes of ischemia (or sham surgery). Six cardiac tissues (n=3 in each group) were used for western blot analysis to determine the expression level of COX-1 and COX-2 proteins; another six cardiac tissues (n=3 in each group) were collected and used for COX activity assay.
3) For the third set of experiment, nine mice were treated with low dose aspirin in drinking water for three days, then received the same MI surgery with 45 minutes of ischemia. Nine additional mice received the exact MI surgery with 45 minutes of ischemia without aspirin treatment. Three mice from each group were euthanized after cardiac ischemia for 45 min, and the cardiac tissues were collected for measurement of tissue prostanoids level. Three mice from each group were euthanized after 45 minutes of ischemia followed by six hours of reperfusion, and cardiac tissues were collected for determination of myocardial apoptosis and expression of pro-apoptotic genes. Three mice from each group received echocardiography analysis after 45 minutes of ischemia followed by 72 hours of reperfusion.
Myocardial infarction model in mice
All animal care and procedures were approved by the University of California, Davis
Institutional Animal Care and Use Committee. Myocardial infarction (MI) model in mice was created using procedure as previously described.
1,2
Briefly, 12-16 week old male C57Bl/6J mice (Charles River, Wilmington, MA) were anesthetized with intraperitoneal ketamine 80 mg/kg and xylazine 6 mg/kg. Intubation was performed per orally and mechanical ventilation was initiated.
Isoflurane was used to maintain the anesthesia during the surgery. Depth of anesthesia was monitored by toe pinch, respiratory and heart rate. An oblique 4-mm incision was made 4 mm away from the left sternal border in the 3rd-4th intercostal space. The chest retractor was inserted and the heart was visualized. The pericardium was gently picked up and pulled apart. The left anterior decending (LAD) coronary artery was then visualized and ligated 1-2 mm below the tip of the left auricle in its normal position. Occlusion was confirmed by the change of color of the anterior wall of the LV and maintained for 45 minutes after which the occlusion was released.
The sham-operated mice underwent the same procedure without tying the suture but left it around the LAD for 45 minutes. For aspirin treatment, mice were randomized three days before surgery to receive aspirin (Acetylsalicylic acid, ASA, Sigma) in drinking water (50 μg/ml) or water alone.
Assessment of prostanoid generation
Blood samples were collected from MI or sham-operated mice in blood collection tubes 
Langendorff perfusion apparatus
Adult mice were sacrificed using intraperitoneal ketamine 80 mg/kg and xylazine 6 mg/kg followed by rapid heart excision. The hearts were then perfused using a retrograde Langendorff method. The ascending aorta was cannulated by using a 21-gauge needle and tied with a 6-0 silk suture and perfused within 3 min of excision. were briefly rinsed with ice cold PBS and tissue prostanoids were extracted and determined as described above.
Western Blot Analysis
Heart tissues or cultured neonatal cardiac myocytes were collected in ice-cold lysis buffer inhibitor; and the third with Sc560, a specific COX-1 inhibitor). COX-1 activity was calculated as the difference between total COX activity in the sample without an inhibitor and the sample with Sc560, and COX2 activity was calculated as the difference between total COX activity in the sample without an inhibitor and the sample with DuP-697. Each sample and the COX standard were assayed in triplicate.
Mouse neonatal cardiac myocytes culture and prostanoid treatment
Primary cardiac myocytes culture was obtained from 1-to 2-day old mouse pups as previously described. 4 The animals were anesthesized with intraperitoneal pentobarbital (40 mg/kg) after which the hearts were rapidly excised. Hearts were immediately placed into cold D-Hanks buffer, rinse off the blood, then minced with small scissors to less than 1 mm 
Detection of cardiac myocyte apoptosis
Terminal Deoxynucleotidyl Transferase-Mediated dUTP Nick-End Labeling (TUNEL) assay was used to detect cardiac myocyte apoptosis in both cultured neonatal cardiac myocytes and cardiac tissues from MI mice as previously described. 
Analysis of cardiac function by echocardiography
Echocardiograms were performed in conscious animals to assess systolic function using M-mode and two-dimensional measurements as we have previously described. 1, 4 The measurements represented the average of six selected cardiac cycles from at least two separate scans performed in random-blind fashion with papillary muscles used as a point of reference for consistency in level of scan. End diastole was defined as the maximal left ventricle diastolic dimension and end systole was defined as the peak of posterior wall motion. Fractional shortening (FS), a surrogate of systolic function, was calculated from left ventricle dimensions as follows: FS = ((EDD -ESD)/EDD) x100%, where EDD and ESD represent end-diastolic and end-systolic dimension, respectively.
Immunofluorescence confocal microscopic imaging
To detect the expression of PGD 2 receptors in cardiac myocytes, cultured neonatal cardiac myocytes were fixed with 4% paraformaldehyde, washed 3x with PBS, incubated with primary antibodies for α-actinin (1:500, Sigma) together with D-type prostanoid receptor (DP-1) (1:300, Cayman Chemical) or the chemoattractant receptor-homologous molecule expressed on Th2 cells (CRTH2 or DP-2; 1:500, Thermo Scientific) overnight at 4ºC, followed by incubation with Alexa Fluor® 488-conjugated secondary antibody (Invitrogen) and Alex-Fluor-555 labeled secondary antibody (1:300, Invitrogen). The nuclei were counter-stained by DAPI present in the mounting media (Vectashield, Vector Laboratories). Immunofluorescence stainings were visualized using a confocal microscope (Pascal Zeiss Confocal Microscope) and digital images were acquired.
Apoptosis PCR Array
RNA was isolated from cultured neonatal cardiac myocytes using RNeasy mini kit (QIAGEN) according to manufacturer's instruction. RNA concentration was measured using NanoDrop Spectrophotometer (Thermo Scientific). cDNAs were prepared using the RT First Strand kit (SABiosciences), and loaded on Mouse Apoptosis PCR Array plates (SABiosciences). RealTime PCR was performed on ABI: 7900HT system, data was analyzed using PCR Array Data Analysis Web Portal (SABiosciences).
Statistical analysis
Results are expressed as mean ± SD. Statistical analysis was performed with Student's t test and one way ANOVA followed by Tukey or Games-Howell tests for post hoc comparison. Statistical significance was considered to be achieved when P < 0.05. All experiments were repeated at least three times. 
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